Abstract. This work is aimed at studying the possibilities of Mueller-matrix diagnostics applied to optically anisotropic birefringent polycrystalline networks inherent to amino acids in human blood plasma. Determined here are interrelations between statistical moments of the first to fourth orders as well as fractal dimensionalities that characterize coordinate distributions of blood plasma Mueller-matrix elements and the physiological state of a human organism.
Introduction
Among the diversity of directions for optical diagnostics of the structure typical for phase-inhomogeneous layers, Mueller-matrix polarimetry of optical anisotropy observed in human biological tissues (BT) is rather developed [1 -39] .
The main result of this diagnostics lies in determination of the set of interrelations between statistical as well as fractal parameters of coordinate distributions for matrix elements and an opticalgeometrical structure of BT birefringent component [1 -6, 9, 11, 12, 14, 38] . It serves as a basis to develop the methods for early diagnostics of pathological changes in skin derma, epithelial and connective tissue of woman reproductive organs etc. [11, 14, 21 -27, 35, 36] .
At the same time, one of the lacks of this opticalmedical technology is the traumatic biopsy operation. Therefore, it seems topical to spread Mueller-matrix diagnostics over a wide and accessible circle of biological objects. These are various biological liquids, namely: blood, urine, bile, joint fluid, etc.
Our work is aimed at development of the Mueller matrix method for diagnostics of optically anisotropic structure typical for blood plasma proteins, as it is topical to determine statistical and fractal criteria of transformations in amino acid polycrystalline networks, which are caused by pathological changes in human organism.
Mueller-matrix modeling the polarization properties of polycrystalline protein networks in blood plasma
Our analysis of optical properties inherent to polycrystalline protein networks created by blood plasma amino acids is based on the following model [5, 6, 15, 23, 28, 29] :
• blood plasma is considered as a two-component isotropic-anisotropic structure;
• а optically anisotropic component is represented by the protein fraction consisting of optically single-axis birefringent crystals of amino acids albumin and globulin;
• polarization properties of these biological crystals are characterized with the Mueller matrix 
• Mueller matrix of multilayer ( ) polycrystalline network is determined with the product of partial matrix operators (relation (3))
To simplify (without any losses of fullness) our consideration, let us use the approximation of two-layer polycrystalline protein network
In a detailed look, the expression (5) can be written as (6) Our analysis of relations (1), (2) , (5) and (6) shows that the exact solution of the inverse problem -revealing the changes in the structure of polycrystalline protein networks in separate layers by using available information on matrix elements , -is incorrect from the mathematical viewpoint and ambiguous from the physical one. ik p Thus, it seems topical to use the statistical and fractal approaches to the analysis of distributions inherent to Mueller matrix elements in optically anisotropic polycrystalline protein component of blood plasma.
Statistical and fractal analyses of Mueller-matrix images for networks of biological crystals
Coordinate distributions of Mueller matrix elements in blood plasma were estimated within the frameworks of statistical and fractal approaches.
ik p
The statistical moments of the first to fourth orders that characterize the distributions were calculated using the following relations [5, 8] )
where is the number of pixels in CCD camera. ! Q The fractal analysis of distributions was made by finding the logarithmic dependences
where are spatial frequencies determined by the range of changing the sizes of structural elements in the polycrystalline network.
The dependences were approximated using the least-squares method to the curves ( )
, straight parts of which allow determining the slope angles η and respective fractal dimensionalities [5, 15] 
Classification of coordinate distributions was performed in accord with the following criteria: The studied human blood plasma sample was sequentially probed with the laser beam possessing the following types of polarization: linear with the azimuths 0°, 90°, +45° and right circular (⊗). Using the microobjective 7, the polarization images were projected onto the plane of the sensitive area ( pixels) of CCD camera 10. The analysis of images of human blood plasma was made using the analyzer 9 and quarter-wave plate 8. 
Brief characterization of the investigated objects
As objects of investigation, we chose the samples of blood plasma for two groups of patients: healthy woman and that with cancer of mammary gland (Figs 1c and  1d) . The respective polycrystalline networks for blood plasma amino acids are illustrated with a set of laser images obtained in co-axial ( ) and crossed ( ) transmission planes of the polarizer 4 and analyzer 9 (Fig. 1) .
Our comparative analysis of these laser images found out different coordinate structures for albumin and globulin networks. In the optically anisotropic component of healthy woman blood plasma, one can observe albumin crystals spatially-ordered along several directions (Figs 1a and 1b) . While blood plasma of the patient with the oncologic process contains mainly globulin crystals disordered as to directions of optical axes (Figs 1c and 1d ).
Diagnostic possibilities for statistical and fractal analyses of Mueller-matrix images obtained for human blood plasma
The subject of our statistical and fractal analyses was three types of Mueller-matrix images , the value of which is determined by phase shifts between orthogonal components for the laser wave amplitude that artise as a consequence of birefruingence caused by crystalline amino acids. In this sense, this element of the Mueller matrix will be named as "phase" one.
The third type is coordinate distributions of offdiagonal elements in the Mueller matrix , which characterize mechanisms of mutual transformations of linear polarization into a elliptic one, and vice versa. These matrix elements will be named as the "orientational-phase" ones. allowed us to reveal stability in the values of slope angles η within the range of changes in geometric sizes of amino acid crystals from 50 up to 1000 µm (Fig. 2, right column) . This result is indicative of the fractal structure inherent to the distributions of , which can be related with an order of optical axis directions for albumin crystals. By contrast, disorder in globulin crystal orientations within the range of lower geometric sizes log log
The found multifractality of the distribution corresponding to the "phase" matrix element (2) and (3)) for local crystals in albumin-globulin blood plasma network on formation of the value of "orientational-phase" matrix elements.
It was ascertained that differentiation of optical properties inherent to these networks can be efficiently performed using determination of the fourth order statistical moments for elements of MMI, because differences between values reach 3 times. in MMI are characterized with individual sets of fractal dimensionalities (Fig. 2, right column) . Fig. 3 
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